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Summary of the Accelerator vision Test Reports
on Yarious Aep t3 of Uramum
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-3l areas of concern have been identified as we approach the production
bage of urantum modules for the DE calorimeter L has been determined
nat he uranium piates nead tn be cipanpd to remove rolled in hairs, lint,
oils and other sources of contamination to the detector P]ettrnml.- and
detector argon. i1 was discovered that significant quantities of uranium
oxides have developed in comgleted modules and that current leakage
probiems may be associated with this oxide formation
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The purpose of this note 1= to bring together those tests which have baen
performed to find methods Lo clean and to prevent accelerated corrozion of
uranium. This note is not all inclusive; other tests are currentiy being
performed ar evaiuatad to answer other ques.til:-ns;.

:ts have been conceived and perfarmed by persons from the 08 ang
Faf i:j Lﬂ'l‘lii[h
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December 30, 1987
SUBJECT: 12/21/87 Sanding Test on Depleted Uranium

REFERENCE: Memo entitled “Test to Check the Safety and
Effectiveness of Uranium Plate Cleaning with

a Portable Vibrating Sander" and dated
11724787

The following 1tems correspond to numbered items in the referenced
memao. For completeness, seg the referenced memo.

i The sander was tested on rusty steel plates on four different
occasions using different dust skirt configurations including no skirt.
The sander had been modified to eliminate unwanted discharges of
oxides into the sir and to improve the dust collection skirt design so
that 1t would structurally strong ensugh to withstand vibration from
the sander. The tests gave us some confidence thst the sander might
work without causing high tevels of UDo to become airborne (See
Attachment | for test resuits)

2 Fersonal atr rnoni?nr'- {FAMs) were worn by the sander operatar, the
Rad Tech, and myseif Thv fiow rate of the PAM, the short duration of
the :ander in operstion {7 5 minutes), and counting statistics limit
the sensitivity of the air sample. The re:;ultc, of all monitors were
<308 E-11 uCi/ml, that ig, less than 31% of the limit for uranium
dust in air.

3 Half face respirators were worn by all perzons in the room. The North
respirators (HEPA) were used and were most uncomfortable, possibly
due to the lack of familiarity with how tight the fit must be Far
future use, it iz recommendsad that an indicator be used to test the it
with less tension and vary tension as necessary for both comfort and
a good seal.

4 A FAM was placed about 1 fool above the table to check far Ud2
concentrations. The average concentration for the duration of the
test was <299 £-11 uli/ml.
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Earplugs were not worn during this test. The sander was run for a
total of about 5 minutes, well under the 2 hour permitted expasure
time.

Protective clothing was worn as prescribed. The sander operator and
Rad Tech were careful to not come in cc-ntact #with dusty plate
surfaces and the ctothing appeared to stay clean throughout the test

The wark table was set up and isalated as prescribed. The area was
rather easy to survey as a result.

Traffic control in the room te prevent the spread of contamination
amourted to keeping the sander operator and Rad Tech in the
designated area. Materials were passed into and out of the area
Vacuurn hoses and sander power cords were suspended from a
convenient place {crane hook) to keep those items from spreading
contamination within the area. Extension cords on the floor were
cavered with tape (secured to the floor) to prevent their mewvement.
Shoe covers ond glove changes were made when persons exited the
designated sanding area.

Both sides of ane IFH plate was sanded (approximately 28 1t<) The
plate was carefully turned over by hand (277 1bz) after it was
vacuumed and wiped with alcohol.  No obvious dust movement
occurred, probably due to the precautions taken.

The sander was wrapped up and stored as radioactive material upan
completion of the test

The work area was surveyed upon completion of the test to determine
how UD2 migrated away from the table. Table surface contamination
levels were 0.9 nCi/ 100 o2 . Floor contamination levels at the table
perimetazr were 0.1 nCi/100 cm2. Floor contamination levels several
Teet away fram the sanding table were 0.0 nCi/ 100 cm2-

YRR |

The uranium plate and table surfaces were covered upon completion af
the test. Cleanup of other areas was nol reguired.

Mo decontamination was required.
Ethyl alcohod and Kimwipes were used to clean the plate after the

sanding was performed. Alcohol was not used in conjunction with the
sander.
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Mo samples were collected for particie size analysis due to manpower
limitatians T!’E: csamples should be collected during sutbisequent
tests.

{ther Observations

i

S

o

The sander appeared 1o be much more effective when the emery paper

wa3s new.  Tha first area sanded guickly turned brown in color
indicating that almost all oxides were removed 1in_that area
(approximately 2 f12).  Contaminstion levels were significantly
higher in this area compared to other areas of the surfaces sanded.

Subsequently, the sander feft the plate color black except for high
spots which were shinny.  The second side had far less oxides
removed a5 evidenced by the contamination levels found (See
Attachment (1)

The vacuuwm step reduced contamination levels by about 73% averaged
aver the two surfaces. 11 1s felt that the levels remaining after the
vacuurn step are too high to be left because the levels are too high to
easily control and present a significant surface contamination
problem. (See Graph ! below.)

The contamination levels were further reduced with alcehol and
Kimwipes by a factor of 63% averaged over the two surfaces. These
levels are comparable to those experience with the MFH plates and are
manageabie given the controls in place at 1B4.
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AVERAGE CONTAMINATION LEVELS
DURING TEST PHASES

nCi per
100¢cme

BEFORE AFTER AFTER AFTER
SAHDING SANDING ¥YACUUMING ALCOHOL WIPE

Graph |

4, For future tests, a high volume air sasmpler should be used at times
when dusts are generated in an attempt to get statistically
rneaningful count rates on sample papers. A filter psper should be
selected based on particle sizes derived from earlier particle size
determination tests

G Some means of T11pping these heavy uranium pistes should be found to
eliminate the need for man-handling and the high patential for back
injury.

Attachment |

TEST 1

Yacuum sttachments on sander skirt and on dust collector discherge. Red
iron oxide dust evident an motor cooling exhaust part.

Measured Equivalent

Iran Oxide™ uos*
Uigitsl dust meter measurement on table 287 mgimd 6.05 mgim
Digital dust meter measurement on floor 230 mg/m? 485 mg/m?
Breathing Zone Sampie - Delmar Miller <012 mg/m? <025 mgim?3
Breathing Zone Sample - T. Leveling <0.12mgfm3 <025 mgim3
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Tasgt 2

Impellor of sander removed, motor cooling blower and dust coller
collection and motor caoling ports,
sanding platen and vacuum cannection installed
Motor cooling and dust collection done by mediurm performance

dizabled. Boot installed over dust
drilled in sander casing over
in boot.
HEFA vacuum cleaner.

Digital dust meter meazsurement on table
Digital dust meter meazurement on floor
Breathing Zone Sample - J. Carnete

Test 3

No  dust collection
measurernents.

of sander to check

Digital dust meter meazurement on table
Breathing Zone Sample - T. Leveling
Breathing Zone Sample - Digital Dust
Breathing Zone Sample - Digital Cust

Test 4

Mew stainiess =
rubter boot. Thi

[hgital dust meter measurement on table
Ereathing Zone Sample - J Cornele
Ereathing Zone Sample - Digital Dust

*Threshald Limiting Yalue
12/30/87

Measured
Iron Oxide™

0.26 mgdm>
0.22 mg/m3
014 mgim3

sensitivity of

Measured
fron Oxide™

Measired
Iron Oxide™

.19 mg/m?>
0.021

{ron Oxide
5.0 mg/m?

mgsm-
0.060 mg/m?

ctor
Hales

Equivalent
uno*

.55 mg/m?>
0.46 mg/m3
<020 mg/m>

girborne dust

Equivalent
ugs®

10.75 mg/m3
0.97 mg/m?
337 mg/md
1.6 mgéms

Tee dust collection system installed on sander to replace
= was the last prototype tested on rusty steei plate

Equivalent
uos™

.40 mg/m3
(.065 mg/ims
0.120 mg/m?>
By
A o
0.2 mg/m-



Attachiment 11|

[
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f AREA 1] AREA Z | AREA 2 “ REA 4] AREAS | AREA

Contamination Levels (nCi/ 100 cme)

Areg ) Area 2 Areal Aread Aread Area 6

Before

Sanding 1.0 25 2.6 1 1.2 1.7
After

Sanding 67 2 237 191 222 2002 70
After

Yacuuming 157 A 4.8 9z 4.2 25
ATter Alcohol

Wipe 1.2 1.6 0.9 0.4 0.5 0.4

12430787
January 18, 1988
SUBJECT: IFH Contamination Level Data for Six New Plates

The chart below shows the results of the contamination level survey taken
Thursday, January 15 on the new |FH plates. The dark bar indicates the
average of six smears taken on a gide and the light bar indicates the same
average for the reverse side {total of 72 smears)
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AYERAGE CONTAMINATION LEVELS
FOR SIX NEW [FH PLATES

3007 AVERAGE LEVEL 137
25.01 nCi/100cmz
PE 4y g
oo ]
emz U

5.04

(.0

PLATE PLATE PLATE PLATE PLATE PLATE
F295 F994 F396 F297 F393 F1017

The graph below shows the cantamination levels found in the first shipment
of IFH plates received in October, 1987, Only one smear was taken per plate.

CONTAMINATION LEYELS FROM TWELYE
IFH PLATES RECEIVED 10/2/87

Z5.0,
rj 2G.0 AYERAGE LEYEL 105
;:: 1='n. nCi/100CM2
100 10.04

cmZ 5
0.0

123 45 6 7 8 5101112

MANUFACTURERS SERIAL
NUMBERS

It sppears that the contamination levels found in the second shipment may
be a Hittie higher (30%) compsared to the first shipment.

Page 2 of 47



January 25, 1988
SUBJECT: 1/7/88 Sanding Test on Depleted Uranium

T L T A G - - e = = AU S . A A . ——— " —— — =~ —— — —— @ — — — —

Thigs test was performed to check the effectiveness of an air driven,
wibrating sander using various textures of Scotch Brite pads. Smears were
taken before sanding, after ssnding, efter sweeping with a vacuum brush
gitachment, and after wiping the plate with alcohol.

Two uranium plate sides were used to test five different textures of Scotch
Brite pad. From least 10 most aggressive, the pad colors were maraan, grau,
Dlue, brown, and red. The plates (F372-1 and F982-11) had been previousiy
cleaned with using Scotch Brite pads and alcohol The following are salient
points noted during the test.

1.

4

The brown and red Scolch Brite pads used on the Uranium raused
sparks to be produced. It is not clear that the sparks were caused by
burring bits of elemental uranium, although that is the suspicion. An
aiternate cause may be that hits of the pad burned as they were
thrown off.

At one point during the test a Scotch Brite pad was pulled off of the
sander and o cloud of dust, probably uranium oxide, was produced. Al
presant during the test were wearing half-face North  HEPA
respirators and therefore the possibility of a uranium uptake by those
present was very unlikely. Based on this observation, it will be
impartant that we require the use of HEPA respirators for future
operations af this type.

The High Volume Air Sampler was running approximately three feet
away from the cloud when this occurred, and we found that this
sample did show high levels of airborne activity,

The air driven sander rotates at a significant speed {at least 1000
rpm) with no load. The rotation speed drops very significantly as
soon as a load is applied.

Bits of some of the Scotch Brite pads were thrown off a short
distance {less than six inches) as the sander was used on edges of the
piate. This was observed to occur when the mareon, qray, and biue
pads (the softer pads) were used.
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Al one puint during the test when the brown (second most aggressive
pad was used) two of those present during the test noticed a fume
odor in the respiratar which could had been metallic. The source of
the odor is not clear but should be watched for in subsequent tests.
In any case, the odor was present for less than a minute. The high
volume air sampler was running wrhile the odor was present, but
particle ¢collection size and efficiency of the paper used may not be
sufficient to capture the fume.

wWe attempted to use a glass membrane air sample paper for air
sample analysis. The paper has an gfficiency of »99% for particle
sizes <« 04 micrens. The paper is very flimsy compared to the
whatman 41 paper (poor efficiency for sub-micron particles)
narmally used, and 1t callapsed into the sampler almost tmmediately.
For subseguent tests, a fine screen witl be installed in the sampler to
support the paper and prevent its collapse.

The continuous air manitor was used during the performance of the
test. No grose air problems occurred guring the test as indicated by
the strip chart recorder on the instrument.

AYERAGE PLATE CONTAMIMATION LEVELS (nCi/100cm2) BEFORE
SANDING

1.9

maroen gray blue brown red
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AYERAGE FLATE CONTAMINATION LEVELS ATTER SANDING

30.00,
25.00 -
2000
15.00 4
1000

5.00 4

0o

25.34

Marann qray blue brown red

AYERAGE PLATE CONTAMINATION LEYELS AFTER YACUUMING

0oy 11.m

araan gray bl ue brown red

AVERAGE PLATE CONTAMINATION LEYELS AFTER ALCOHOL wIPE

0 AT 0.585

0.40
01.30
0.20 1
0.10
0.00

fRaroen qray blue brown red
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Air Sample Resutts from 1/7/88
Uranium Sanding Test

Feriod Sampled: During Gray and Brown Pad Use
High Yolume Air Sampier

Started: 1428 Stopped: 1477
Activity: d2E-11 ulismi 42% of the Magimum Persimissible

Concentration

Period Sampled: During Maroon and Blue Pad Use
High Yolume Alr Sampler

started: 1352 Stopped: 1357
Activity: ZOE-11 uCifm! 20% of the Maximum Persimissible

Concentration

Feriod Sampled. During Red Pad Uge
High “olume Air Sampler

Started: 1450 Stopped: 1424
Activity: 357E-10uli/m] 357% of the Maximum Persimissible
Concentration

Pering Sampled: Duration af the Test
AMS 3 Continous Air Sampler

Started: 1020 Stopped: 1043

Restarted: 1312 Stopped: 1525

Activity: 9.0E-12 uli/m) 9% of the Maximurn Persimissibie
Concentration

Personal Air Monitor Sampie Results

Mame Measured & Maximum Permissible
Concentration Concentration
Darby* <6 1E-12 uCifrml GRS
Miller ZOE-11uCismi I0E
Yurista B 3E-11 uCi/m) {6IR
Leveling <22B-12 ulisml 2.2%

*Result is questionalble becausze air monitor stopped running during the
test
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Conclusions

Contamination levels are significantly lower compared to manual
cleaning. The reason is not clear. A possible cause is thet the areas
cleaned were relatively small compared with esrlier production
cieaning experience with MFH and IFH plates Alss, the person daing
the cleaning (Delmar Miller) was probably more aggressive during the
final alcohicl wiping of this relatively small area than workers who
did earlier manu3? cleaning.

Significant levels of UDo can and do becorne airborne during sanding
operations. At a minimum, the North Half-face HEPA respirators
need to be worn by all personnel in the area while uranium plates are
sanded. For worker comfort and for additional assurance that na
oxide uptakes would occur, we should strongly consider the use of air
supplied masks for the performance of this task.

This test was of short duration relative to the anticipasted production
sanding operations. The migratory nature of Uds is still not fully
understood. During early production sanding operations at {B4 in Area
A, a second AMS 3 continuous 8ir monitor should be used to watch for
U02 migration over the barrier wall around Area A while the current
unit monitors areas immediately adjscent to the sanding area.

The PAMs are useful in determnining potential exposurs to sirborne
oxides. No measureable asctivity was measured with PAMs prior to
thiz test.

The High VYolume Air Sampler may give conservative results for
measured airborne oxide concentrations because it “hogs” air from the
area sampled. Ina 5 minute air sample, approximately 100 1t3 of air
s caliected. This could represent all or much of the gir in the area
where sanding is taking place

The use of the air driven, oscillating sander with Scotchbrite pads for
cleaning uranium plates is acceptahle.

The use of Brown and Red Scotchbrite pads should be avoided because
of the sparks produced during their use.
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January 27, 1987

SUBJECT: Car Wash Style Uranium Plate Cleaning Test
Resuits

e e . - - n i e e s M e it - —

The test was performed in an enclosure with dimensions of about 7ft-1 ¥
dft-w ® 4ft-h. The top and small sides panels and the bottom tray were
made af alumindm.  The twoe sides through which the spray nozzle was
inserted were made of thin plexiglass (¥ 1/8")  Several holes were
avallable in each of the plexigiass sides Lo permit the spray to be inserted
into the enclosure so that all areas of the plate could be reached. The hnles
were covered with duct tape when not in use.

The sprayer develaped abount S00 psi per the nameplate data on the unit.

The enclosure was fairly water-tight. Some small water leaks occurred
when the spray nozzie was removed from the enclosure.  Other leaks
pccurred when the when the nozzle was momentarily passed over various
joints. No airborne water spray was noticed to come from the enclosure.
A1 leaks consisted of only a few drops of water and were readily picked up
with Kimipes.

The enclosure drained into a filter housing (probably 10 uM filter) which
drained inta g barrel. The water which came from the filter appeared to be
very clear. The water (about 12 gallons) has been retained for analysis and
treatment as required.

A visibie residue of oxides remained in the enclosure tray Contamination
levels were found tg be as high as 13.6 nCi/100cm<. The contamination was
easily wiped up Masslin cloth.

The test was performed on a single [FH plate. The plate was divided into
twelve areas {six per side) and each of the areas were smeared before and
after the spray test. The graph beiow shows the effectivess of the plate
Liganing with the sprayer.
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CAR WASH STYLE
URANIUM PLATE CLEANING TEST

JANUARY 21, 1988

AYG. LEYELS BEFORE TEST 3.6 nCif100cmz2

8.0 r
10t AVG. LEVELS AFTER TEST 1.6 nCi/100cm2
nc1 a0+ A
per 5.0 B EEFORE WASHING
L 4.0
180 4y B AFTER WASHING
s 25
1.0
0.0

Al AZ AT A4 AL A6 B1 B2 B3I B4 BS BA
URANIUM PLATE F396

A few things to keep in mind regarding this test are:

1. The results of the initial smears are lower than those obtained
during the plate arrival survey on January 14. The reason is
thal the smear/glove that used is not as effective as the
glavefemear combination used during the initial survey  For
the future, a standard smear/glove combination will be used to
ensure that consistent results are obtained.

The test results obtained are considered valid because only one

Z. we have no explanation for the before and afier contamination
levels found for Plate Area A1

Contamination were reduced by 56% over the original levels
everl when the Plate Al ares is considered. If Plate A1 area is
excluded, the levels drop by a factor of 64%.

4. This method of cleaning is more desireable because no uranium
oxide dust is created as is the case with sanding. Water spills
gre easier {0 find and are also easier to clean up.

wn

The sprayer did remove lint fibers which were evident an the
edges of the plate before spraying. it is not known whether the
wires which are believed to cause shorts when high voltage is
appiied existed or were removed by this test. Rermember that
the removal of lint and wires is the primary reason for cleaning
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the plates. The contamination lewel measurements are anly
sed as @ method of comparing various cleaning methods,

February 10, 1988

SUBJECT: Water Analysis for Uranium Oxide Contaminated
Water

T T T T T T S T e e e e e v - = ———— o —— —— —

Approximately twenty qallons of water weaste containing UQg was generated
45 @ result of the car wash style uranium plste cleaning tests performed on
January 21st and January 22nd. The water was allowed to stand undisturbed
over the weekend (January 22rd and 24th) to permit settling of U2 out of
solution. On the marning of January 259th, ong 250 m! sample was taken on
the undisturbed water and a second 250 m) sample was taken after
vigorously stirring the water to remix the Uz,

An Erlenmeyer vacuum flask, polycarbonate filter papers and filter chimney
were used to analyze the samples. Each of the two 250 ml samples were
filtered through 2.0 pm, 1.0pum, 08pm, and Q.4dum polycarbonate filter
papers. The papers were dried and were subseguently counted on the
Tennelec sample counter in the village. The results are given below.

Unstirred Sample

Filter Size (pm) Activity (nCi) Specific Activity (pCi/mil)
30 0.5 02
10 Q.04 0.16
08 0.0 004
Totals a1z 052

Stirred Sample

Filter Size (um) Activity inCi}  Specific Activity (pCifmi}
3.0 1 66 672
1.0 (.59 236
05 0.01 .04
Totals 23 G20

The range of particles apparent from these samples correspond to those
found in the microscopic examination of particles which was dane in
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October 1967 The result of that microscopic examination 15 reproguced
here for information.

U02 PARTICLE Si7E FROM
WIRE BRUSH TEST

35+
F &
E B
F U
L N N . .
£ D PARTICLE DISTRIBUTION -
WA WEIGHTED AYERAGE OF THREE
T N SAMPLES TAKEN 10412437
c
3
T . : 125 25 50
o to o 1
35 625 125 25

PARTICLE SIZE IN MICRONS

This latest test gives us confidence that only trace quantities of UD2 exist
at < 1.0 um.

The discharge limit for water centaining uranium oxide is 40 picoCuries per
milliliter {(pCi mi}. Assuming all oxides are removed by the 0.4 ym filter,
the LOI’IEEI’IU"-:IHIII'I of W02 in the water after filtering with a 1.0 pm filter
wuuld be ™ 0.12 pCisml, well below the limit for discharge. Using the same

ssumption, the rcment.'at on of UO2 in the water before any filtering is
‘3"‘ pCi/ml, also belaw the dis charge Timit. Prudence dictates, however
that we at least use the 1.0 pm filter before these twenty gallons of water
are discharged.

Conclusions

1 A 1.0 pm filter should be used to remove 02 to levels desireable §
discharge to the sewer syster. Sampling as described above .and.-'m'
sampling by the Safety Section will be perfaormed prior to discharge of this
water. Additional filtering and sampling may be required to make levels as

1w a5 reasonably achieveahie (ALARA).

NOTE: 7ae ':t‘é"“ﬁi EFFiant miust be
GRBIGSTE RIovas heé walsr is sac e‘fN

fhl



2. It1s anticipated that g ciosed-loop system containing a filter will be
used in a newly proposed plate clesning system. There is an indicstion from
the 0.8 um and 0.4 pum filter results that sub-micron particles do exist,
alpeit in small quantities. These sub-ricron particles could build up to
relatively high levels after the closed system is used for some time and
might eventually need to be filtered in order to reduce lewels to ones
acceptable for discharge.

THE SAFETY SECTION  HAS SINCE STATED THAT NG WATER WASTE Wik
CEONTAINED LO2 will 55 DISCRAREED | ALL WATER Wil 8F RETAINED FOR

February 17, 1988

SUBJECT: Sanding/“Car Wash Style” Uranium Plate
Cleaning Test Performed on 1/22/88

The purpose of this test was to determine the effectiveness of g high
pressure spray to clean uranium plates after sanding them with the air
driven orbital sander and Scotchbrite pads

The air driver sander is the ane used in tests perfarmed on 1477858 and
1721788 The enclosure on the water sprayer is the same one used in the
1/21/86 test. See my 1/25/82 and 1/27/8% memos for further detsils an
these subjects.

A major difference between this and the 1/7/55 test is that the plate had
to be sanded while standing vertically on its flat edge. The plate was done
in this configuration because of the limitations of the spray booth which
also served to act as a catch basin under the sanding operation. No visible
dust came from the sander.

Yarious air activity measurements were taken for this test and the results
are given below.

Ferson Specific activity & 0t The Standard
Garby <162 E-10 162E

Miller <1.34E-10 ' <134%

AMS 3 1.7 E-10 170%

High volume

Alr Sampier V32 E-10uCi/ml 1233
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All persons present during the test wore the North HEPA halfl face
respirator. The high “less than” values shown were due to a shorter than
desired sample counting time.

The graph below shows the befare sanding, after sanding and after washing
results. The table shows the values abtained on which the graph is based.

SANDING "WATER SPRAY TEST

JANUARY 22 1953 Avq. Before Sanding 3.3 nCi/ 100cm2

Ave. After Sanding 5.0 nCi/ 1 Q0em2

12, Avg. After Water Wash 0.8 nCi/100cmZ
10 '
i gl B BEFORE SANDING
"JE’I'] B B AFTER SANDING
em2 47, B AFTER WATER WASH
>4 B
(i I - kiR = p B L
Al A2 AS A4 A5 A6 B1 B2 B3 B4 BS BA
Flate 1017 Contamination Levels - nCi/ 100 cmZ2
Area Befare After After
Label 5anding Sanding washing
Al a7 305 0.5
AZ 2.2 359 1.5
AL 1.4 28 0.7
Ad 1.8 25 0.4
AS 15 33 0.8
AbB 53 6.5 i1
B1 1.4 75 0.4
g2 1.3 45 0.6
B3 37 4.8 0.5
B4 27 2.6 0.6
] g3 109 1.6
Bo g3 35 05
Average
Levels 33 S0 08
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Conclusigns

I Sanding the plates in the vertical orientation Jeads to high levels of
airborne activity and should not be permitted to be performed on a routine
nasis.

2. The reparted "ess than™ values for Darby and Miiler are high due to
short counting times (1 minute) used. The Safety Section has subseguently
heen requested to count all future air samples for 20 minutes. “Less than’
values of 40 1o S0F of the standard are achievable for personal air monitors
when this longer count time 15 used.

3 The combination of sanding and spraying leads to the lowest
contamination levels we have seen yet.

4. The use of yarm yrater for final cleaning ts considered to be superior
to the use of alcohol and kimwipes for the follaowing reasons:

a.) lower final radioactive contaminstion levels exist on plate
surfaces

b.) the possibility of introducing lint on plate surfaces by the
kimwipes 15 eliminated

3. eliminates the fire hazard from extensive use of ethyl
alcohol

4) eliminates exposure of peaple Lo ethyl alcohol fumes

5.3 volumies of radicactive kimwipe trash produced should be
drastically reduced.

March 1, 1988

SUBJECT: Contamination Growth Rate Test on DU and DU-
Nb Alloy

o e T ———— —— T —— - - = L T i i o . . i A .

The purpose of this test was to compare the growth rate of contamination
levels between DU and DBU-Nb alloy.  The test was done in warm
temperatures and high humidity levels to sccelerate the corrosion process.

It would be improper to assume that higher contamination levels indicatle
higher rates of corrasion. 11 is possibie that one of the axides forms more
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readily but adheres more tightiy to the parent metal than the the other It
Is also possible that the specific activity of the axides remaved from the
different coupens is different due to differing concentrations of [J238
daughters in the oxide. Therefore, this test is not intended to show which
metal corrodes more rapidly. The test showed which metal presents a
greater contamination hazard under the temperature and humidity conditions
established for the duration of this test

Coupons of DU and DU-Mb alloy were obtained from MSC. No documentation
was available which confirmed the identity of these coupanz, Ten coupons

were 1/3" X 2" X 3" and ten were 1/47 ¥ 2" % 3° ‘we balieve the |/38" COLDONS
were DU and the 1/4" coupons were DU-Nb alloy for the following reasons.

I. The BNL modules were built from 178" DU plates and FNAL
rmodules were buillt with 1/4" DU-Nb alloy plates.

2 NG alloys of DU are harder than unalloged DU and is more
difficult to roll. The 1/8" coupons are smooth and marked enly by
shallow "pock” marks. The 174" coupons, in addition to “pock” marks,
has a grainy texture which is some indication that the 1/4" coupons
are harder than the 178" coupons.

3. The manufacturer made a 1/5" DU-Nb alloy which measured 130
mils in thickness and unalloyed material which measured 118 mils
Une DU coupon ysed 1n the test was measured and found to be 119 mils
which 15 an indication that the 178" coupons are DU

Test Apparatus

An environmental chamber capable of maintaining & wide range of
temperature humidity conditions was abtained. A SS coupon holder rack and
an aluminum pan/cover assembly were built for this test. The coupon holder
rack containing the coupons was placed on the pan of the pan/cover device.
The cover ensurad that waler which condensed on the cocler surfaces of the
chamber beil did not fail an the coupons. This prevented the washing of
contaminanls into the enviranmental chamber internals =o that the chamher
could be returned at the canclusion of the test. The coupons were kept dry
and were maintained at the desired temperature/humidity conditions.

Sample Preparation

Two DU and two DU-Nb alloy coupons were scaured with Scothbrite pads and
alcehol to remove oxides from all surfaces except the edges. The effort
required to clean the DU (145" coupons was much less that that required for
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the DU-Nb couponz. This is attributed to some estent to the difference
Detween the surface gualities. Additional scouring was done on the 174"
plates 1o ensure that all possible oxides were removed.

The DU coupons were silvery in appearance, similar to the appearance of an
old silver quarter (pre-slioy quartery. The DU-Nb coupong were also sitvery,
but had black streaks due to the grain of the material; ie, the crevices of
the material held some oxides which could not be remoyved by Scothbrite pad
and alcohol, '

After the cleaning step, each coupon was relabeled with 8 ink marker and
the one side of each coupon was labeled A and the other B

ne coupon of each material was also simply wiped with alcohol and
Kimwipes.

Al coupons were wiped & fingl time with alcohol and were then smeared.
Each smear was taken over both sides of the coupon.  Care was taken to
ensure the edges (which were nol cleaned) were not smeared. The smear
results are given below.

Coupon Coupon Coupon Coupon
ser no. Type* Freparation Activity
Foog! DU Alcohol Wipe 0.22 nCji
Fooo pu scotchbrite 0032 nCi
F1o00 o Scothbrite 003 nCi
F1o07! Di-Nb Alcohol wWipe 097 nCj
10035 DU-HNb Scotchbrite 0.22 nti
F1ato Dit-MNh Scotchbrite .22 nCi

The history of these coupons relative to ane another is not
known. Therefore, no explanation for the differsnce between
the contamination levels can be made bazed on the above data.

*Based on the assurmnptions stated above
The beginning contamination levels of the two types of scoured samples

compare well and are an indication that the test preparation were done in a
uniform manner,
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Test Performance

The enviranmental chamber was dryed out by running the dry bulb heater
with the bell cover removed for several hours. This step ensured that
condensation would not immediately form on the cool coupens.

Qri January 20th,the coupons were then loaded into the chamber and the wet
and 2ry bulb temperatures were sat to establish the temperature at
approximately 100°F and the relative humidity in the high 0% range. Some
fine tuning was done after the chamber stabilized initially. Temperatures
and humidities were subsequently recorded on a number of occasions and are
shown below.

Date Dry Wet Relative  Date Dry wWet Relative
Bulb Bulb Humidity Bulb  Buib  Humidity
1721788 104°F 103°F 897% 274788 101°F  10O°F E

}
1/22/88 102°F 101°F Q7% 2/8/88 100°F  96°F Ba%
1/25/88 102°F 1031°F 97%  2/10/B8 101°F  100°F S
1/26/86 102°F 101°F Q7% 2715788 101°F  100°F Q7R
1/29/88 102°F 1Q1=F 97% 2/18/88 101°F 100°F O7%
2/1/88 1Q1°F 100°F Q7%

2/2/88 1G1°F 100°F 978

oo

Some inaccuracies in the reported conditions could arise from at least two
Tactors. The thermametars used were the glass-alcohol type and were very
difficult to read because condensation was always present on the cool walls
of the bell chamber. The accuracy of the thermometers was not checked
prior 1o beginning the test

First Data Point 172675

smear samples were taken on January 28 The bell chamber was removed
and one side of one DU and one DU-Nb alloy coupon was smesred. The smear
was rubbed over the surface twice. The coupons were replaced in the
chamber and the dry bulb temperature was set at shout 160°F while the wet
buib temperature was reduced to O°F inan attempt to preven! maoisture from
tendensing on coupons which may have been cooled while the smears were
taken.  After appreximately 15 minutes, the temperature settings were
returned to their previous values to reestablish the approximate conditions
establiched earlier in the test,
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s the co Lxr af the DU coupon was a very solid charcaoal black. The color of
the E_I—J loy looked like a bronze plate with a fairly compiete biack wash
o

The smear from the DU coupon was tight gray in coler. The smear from the
- DU-Nb alloy was Black in color. The smear results are given below.

Caupon Coupon Calor Smear Color  Activity
FAg94 Black Light Gray 0.34 nLj
FIRINA Bronze with Black Wash Black 228 nCi

Second Data Point 2/4/88

Smears were taken in same manner as far first data point.  The
envirenmental chamber temperature settings were both reduced to minimum
when the bell was taken off 10 prevent the formation of condenssation on the
coupons. After the bell was reinstalled, the temperaiures were rezet {o
their original settings.

Coupon Caupon Color ' Smear Color  Activity
F993EB Black with Green Oxides Medium Gray 1.47 nCi
F1010B Orange Bronze with Black Wash Dark Gray 3.47 nLi

Third Data Point 2/11/86

The smears and enyironmental chamber were handled in the same manner as

done for the second data point. The smear colors were very similar this
week compared with earlier ones. There iz a definite color change ococuring

i fe i :-?Jtl alloy plaies as can be seen from earlier colors noted.

Colpan Coupon Color Smear Color  Aclivity

F10004 Black except Pock marks Brown Medium Gray  1.23 nCi

Some Green Oxides
F1o06A Blue/Violet with light Black Wash Medium Gray  2.76 n(i
Some Green Oxides

Fourth Data Point

131 data points were taken using the same srmear technigques used in
Bar Her data points. On this tast collection, a smear was taken on
of alt coupons, Extensive color notes were also made.




Coupan Caupon Color smear Color  Activity

FOBA Black with extensive green deposits Olive Green  10.25 n(i
F3988 Black with extensive green deposits Olive Green 1173 nCi
F3GGA Black with traces of green deposits Medium Gray (.23 nij
Pock marks were brown
F393b Black with traces of green deposits Medium Gray 0 43 nCi
Fock marks were briawn
F10004A Black with traces of green deposits Medium Gray (.55 nCi
Pock rarks were brown
F10008 Black with traces of green depasits  Dark Gray 10
Fock marks were brown
F1007A Biack with some brown traces Medium Gray  1.04 nCi
F10078 Black with some brown traces Medium Gray  0.85 nCj
F10084 violet with Black wash Mediurn Gray  0.97 nCi
F10086 Viotet with Black Wash Dark Gray
with Green 3.20 nCi
FI1010A Yiglet with Black wash Dark Gray
with Green 1.87 nCi
FI010B Yiolet with Black Wash Dark Gray
with Green 1.42 nCi

Obszervations

At the end of the test the following notes were taken on the condition of the
test apparatus and the coupaons,

ANl of the plates had traces of clive green axides on the edges where they
came in contact with the S5 coupon halder for the duration of the test

The alurminum pan and roaf assembly had some white corrosion present at
the perimeter af the S5 coupon holder footprint.

Coupon F998 was markedly different in appearance compatred with ail other
coupons. it had extensive traces of olive green oxides all aver its surfaces
in addition to those traces noted above.

The DU coupons F993 and F 1000 had a qun-metal blue luster when lacking at
reflections of their surfaces.

The DU-Nb coupons F 100G and F1010 had & violet luster when loaking at
reflections of their surfaces

Both of the unscrubbed coupons F998 and F1007 had no luster and were
generally & dull black.
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The contamination growth 15 plotted below as a functron of time for the
unscrubbed Coupons and scrubbed coupons in graphs 1 and 2 respectively.
All contamination data collected during is tabulated in Attachment
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Conclusions

1 The unscrubbed DU coupaon contamination levels increased by a factor
of about 100 over the period of the test. The increase in
contamination levels is attributed to the farmation of the olive green
axide since the smear was only green. In general, this coupon
presented the greatest contamination hazard for these test
canditions.

2 The unscrubbed alloy coupons, despite their rougher surface, showed
only a twofald increase in contamination levels measured.

2 The scrubbed DU coupans also showed an increase in contaminatian
levelz of about SO times over the period of the test, atthough
beginning and ending levels were lower than those of the alloy
COoupons.

4 The scrubbed DU-Nb coupons increased in contamination levels by an
average factor of 39 The removable contamination was higher for
these coupons by at least a factor of two compared with the DU
Coupons.

o Based an the coupons colors noted for the scrubbed coupons, there is a
definite difference in their composition.

6. No cenclusions are drawn based on appearance of these coupons
regarding corrosion rates.

7. After the first week, it appears that the contamination growth rate

for both coupons 15 not markedly different.

Recamendations for Future Tests

several things should be considered if future corrosion tests are to be
performed.
1. The oxides of the coupons should be characterized to establizh the

type and quantity of the isotopes present. For a given mass of an
axides from each type of coupon, the activity could vary depending on
the concentration of short-1lived daughters in the respective samples.
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2 Some method of messuring actusl corrosion rates showld hbe
considered. The use of contamination levels as a3 measure of
corrosion rate may be invalid because not all corrosion can b=
removed with a smear.

3 it may be desirable to prepare the coupons with a surface grinder ta

establish a uniform surface quality to eliminate surface guality as s
factor. This may not be desirable however, 11 the surface qualities of
the coupons are representative of surfaces of plates under
consideraticon

March 15, 1988
SUBJECT: Sanding/"Car Wash Style” Uranium Plate

A i o NS
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Three tests were done with the 2200 psi sorayer unit. The purpose of these
tests was to compare the effectiveness of @ 2200 psi sprager with the S00
psi sprayer tested on 1721 and (/22788 0One plate was only sprayed for 3
comparisan with the 1/21/788 test. The the other was sanded with the
orbital air driven szander and Scothbrite pad and then sprayed for a
comparison with the 1/22/83 test. Additionaily, a part of one plste was
wet sanded to check for cleaning efficiency by wet sanding.

The sprayer was reported to be a 2200 psi unit. The pressure gage mounted
on the unit, however, indicated that only about 1300 psi was actually
developed.

One rajor difference in the 2200 psi sprayer i35 that the volume flow rate of
water was significantly higher than that of the 300 psi sprayer. The 500
psi sprayer generated approximately 20 gallons of water waste tor two
plate test while the 2260 psi sprayer generated about 60 gallons of waler
wazte for two and part of a third plates. For one and part of another plate,
the sprayer operator stopped the sorau as he regoesitioned the wand in an
affort to conserve water. In a closed system a mgher flow rate will not
lead to more waste. However, care must be taken in the designh of the water
gystem to ensure that the higher water {low rates can be handled while
permitting adequate uranium oxide settiing/separation time.
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The wasle water generaled was analysed for uranium oxide activity level
and particle size &nd the results are discussed in a separate memo.

Test 1 - Wet Spray Test

Both sides of an IFH plate was smeared (12 areas, 6 per side) befare and
after washing with the 2200 psi sprayer. Contamination levels were

reduced by about 713 The results are shown in Table 1 and Graph | below.
Flate FO94 Contamination Levels Contamination Levels
Plate 4rea Before Washing After Washing
(nCi/100em2) (nCi/100em2)
Al 415 21
a2 365 1.06
A3 3.14 .82
&4 3.40 152
AS 7.96 3.1
A6 £.06 193
Eil .47 1.26
B2 150 : 0.54
B3 0.96 0.40
B4 6.98 051
BS 2.39 063
&b 239 1.00
Average Levels 4.42 27
Tabie |

No air sampling was done because of the nature of the test.
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Wet Spray Test
1/726/2¢

i

per -
100
cmZ oz

B BEFORE W ASHING

B AFTER WASHING

At AZ AR Ad AT AR Bl BZ B3 EB4 EBS BE
Flata Araa

Graph |

Test 2 Dry Sanding/Spray Test

Smears were taken on both sides of an IFH plate (12 areas, 6 per side)
befare sanding, before washing, and after washing.

The plate was dry sanded in the vertical orientation Decsuse of the
restrictions on ptate handling in the test spray booth. Those performing the
test wore North half face respirators and personal air monitors. The high
viaiume air sampler was also used to sample the air

The air sample data is presented below from the samples taken

Farson Activity » of Standard
Darby ¢1.06 E-10 uCi/mi <106%
Mitier <162 E -10uCi/ml <HIOE
High Yalume

Alr Sampler 599E -11 uCid/m] SOE

The spray pattern varies with distance the nozzie is held from the plate
The pattern is fan shaped and is rather narrow, about | to 3 H‘thHE A%

observed during the test. The angle of the spray with r=spect to the plat
varied as the wand was moved high and ow to reach all areas of The E-utt!,

The results of this test ore shown in Table {1 and Graph Jbelow.
Plate FQG5
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Plate Area [Before Sanding |Before Washing [After wWashing |Missed
(nCi/100cm2) | (nCi/ 100cm2) (nCi/100cm2) | Spats

A 18.36 T a0 1. 7E* 11.36

AZ 22.07 207 0.76

AZ 16.35 2069 (= 5oas

Ad 700 1574 v

A5 781 11514 i 29 247

A 1235 2265 0.Rg

51 952 1391 06T i P

B2 2587 15.64 1.35%

B3 307 6.85 066 5.7

B4 679 6.85 234

BS 5.0 750 0,43 .56

B& A.74 1045 Q.60 -

Average Levels 936 1418 ag* 77

trmutuﬂ to missed areas - the average leveis not including these points

'5 0.59 nli/ 1udomi.
Table (i

DRY SANDING /SPRAY TEST
HARCH 27. 1938

B AFTER ‘W ASHING MISSED SPOTS

B eerore caroing BB BEFORE WASHING

23.00 4

20.00 1
nCi
per
100

oz

15.00 1
1600

5.00 1

Al A2 AT A4 AT A6 B Bz  EZ B B B
FLATE AREA

araph i

Wowas discovered during the course of these tests that even if a lot of care
1'% hak'en thie wanid of the s prager cannot be relied upon to clean all areas m
lafp Smears intable 1§ were taken in the desighated areas of the plate

map but in areas which looked clean. & second group of smears were taken
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in areas which looked "dirty and provided Tairly conciusive proof that not all
areas of the plate were washed with the sprager. A wand of some sart with
multiple nozzles waould provide better assurance that all areas of the plate
weare cleaned.

Loose contamination levels were reduced by about 94% if the three
astericked areas are not considersd and by about S0F it they are considersd.

1

est 3 wet Sanding/Spray

Wel sanding was done on one side of an FH plate over fouwr of the mapped
plate areaz. The bottom of the spray booth was use to determine haw much
of the piate was sanded to prevent spreading DU laden water off aof the
table.

During this test 1t was noted that the orbital sander would throw small
guantities of water a short diztance away from the sander. The sleeves of
the sander operator were sprayed with emall traces of U02 laden water {t
was also noted that the sander waz not always held flat against the plate
This was due in part {0 the awkward position the sander operator stood in to
reach the piate. The sander tended to throw water when it was not held flat
against the plate

In eariier tests, about 90 seconds per side was the time spent sanding
plates. Inthis test, about 5 minutes was spent sanding about two-thirds of
one side of the plate.

The results of this test are given in Table 1 below.

Plgte FOO3

Flate Areg Before Sanding Gefore ¥ashing after Wa'-"hing
(ACi/ 100cm2) (nC1¢ 100cm2) (nCid 100cm2)

BI 456 2228 5.90!

Gz 569 2130 0.26

B3 5.069 2426 0.40

B4 2775 2141 067
Average 10.92 25.009 259!
Levels

P This smear was very progably taken from a spot missed by the sprayer.

e =
The average level discounting this result is 0.4 nCi/ 100cm?,
Tatle 1
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WET SANDING /SPRAY TEST
1/28/98

B CEFORE SANDING
B EEroRE WasHING
B AFTER W ASHING

(] ]
per
100

e |
SR

= B2 Bz B4
PLATE AREA

Graph 1l

The contamination levels noted before washing (after sanding) in the wet
test are consistantly high and also some of the highest seen to date This is
atiributed to two factors.
1. The tenger time spent by the sander aperator on the plate and
2 The =mears taken for this test were wet. Wet smears have i
better collection efficiency (The smears were allowed 1o dry
before they were counted))

Conclusicons

The 300 psi sprayer reduced laose contamination levels by about 568 The
2200 ps1 sprayer reduced levels by 71%. Both of these results were
obtained before it was discovered and verified that sreas of the plates could
be missed. 1t appears that the higher pressure sprayer is more effective at
contamination removal.

he dry sanding/spraying test with the S00 psi sprayer reduced
cantamination levels by asbout 76% while the 2200 ps1 sander/sprager
cambination reduced leveis by about 94%.

Ory sanding in the vertical position could build up {0 very undesirable levels
after a few plates are sanded. Dry sanding in the vertical position is not
considered an acceptable sanding method.
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wel sanding in the horizontal plate is much more desirable than dry sanding
because there 1 Tar less potential for DU dust to become airborne. In every
dry sanding test except the first one when low volume airflow monitoring
devices were used, measurable dust was Tound. {Due to manpower shortages
on the day of the wet sanding test, no air sample were taken. The Nerth
HEFA filter respiralors were worn 83 3 precaution.)

wet canding followed by spraying with a high pressure sprayer is the most
effective cleaning method tried to date. Contamination levels were reduced
by about 96X slthough it is not known how the longer sanding time affected
this outcome. The much reduced potential for airborne activity generation
makes thiz method most desirable found to date for cleaning uranium plates.

As noted above, small quantities of water were thrown as far as 10 inches
during the course of the wet sanding test. It would be prudent to have the
sanding operator and others in the vicinity of the wet sanding operation
wear additional protective clothing in the form of tyvek sleeves, face
shields and hoods or hair nets. These items would protect workers from
water spray which could be thrown from the sander.

March 16, 1988

SUBJECT: DU Coupon immersion Test - February Sth to
18th, 1088 ‘

Background

This test was conceived and performed in order to determine if DU would
corrode when immersed in deionized water. 1t has been suggested that it
may be possible to remove some elemental metal in the processof wet
zanding uraniurm and the proposed wet ssnding and water spray booth might
collect the elemental uranium generated by the sanding process. It was
feared thal when this elemental metal iz eventually dried during waste
water processing, the elemental metal could burn and start a fire.

Test Preparation - 2/5/88

Twa coupons of DU were scrubbed with Scatchbrite pads and alcohol. One
coupon (F1009) was a 1/4" DU-Nb alloy and the other {F992} was a 1/8" DU
Coupon.
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he D) coupon was silvery in appearance at the beginning of the test. The
DU Mb alioy coupon was silvery but had pits from which cxides could not te
completely removed.

The two coupons of DU were immersed in deignized water The teginming

contamination level on the DU-Nb alloy coupon was 015 nli and the
contamination level on the DU coupon was not detectable,

First Qbservation - 2/5/85

The coupons were checked for color change on February Sth. The DU coupon
¥as orange/bronze in color and the DU-Nb alloy coupen was yellow/bronze.
The pits on the DU-Nb alloy coupon had become very black relative to their
appearance on February Sth.

Second Observation - 2/15/88

The DU coupans had a brass/bronze color with a 1ight gray wash  Some very
small pits {7 1/18") of black axide were apparant and these were surrounded
by 1/4" rings of olive green oxides. A smear was taken on each side of the
DU coupon. The smesrs were medium gray in color. The activity found on
these smears was 0.42 and 0.51 nCi. It was estimated that ¢ 5% of the 1/5"
Coupon was covered with these axides.

The DU-Nb alloy coupon had much more oxides in general. SOZ of one side of
the coupon was completely cavered with olive qreen axides which seemed to
be present in circles concentric with the large pits noted at the beginning of
the test. The black centers no longer appeared as pits but the black axidas
were mounded up above the surface of the plate.  These black oxides
appeared to be very loose. The reverse side was similar except that only
20% of the area was covered with olive green oxides.

The smear color on the DU-Nb alloy coupon was olive green/yellow/light
gray. Contamination levels on these smears were 12.63 and 0.97 nCi,

There was some similarity in the sppearance of the pits on the DU and Du-Nb
alloy coupons except for sizes and areas as described above. In a
camparicon of the areas not covered with axides on these coupons, the DU-
b alloy actuaily looked better in appearance; that is, the back oxide wash
an the bronze was much lighter than that noted on the OU coupon.
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Conclusions

This test shows that elemental uranium does oxidize in water. The
corrosion rate appears to be a function of the surface quality because
corraosion was maost intense in the pitted areas. The smooth areas did
axidize however, a3 was evident by the color change in those areas.

This test was performed in dejonized water which sat virtually undisturbed
far the duration of the test. The water which drains fram the spray booth
will be very agitated and will introduce mare oxygen inta the collection
tank as a result. 11 iz very probable that corrosion of any elemental uranium
which enters the coliection tank will De accelerated because of the
presence aof even higher levels of oxygen created by agitation

Based on these findings, there should be no reason to expect that small
pariticles of elemental uranium which are removed by zanding and drain ta
the collection tank will remain unoxidized and start burning when they are
eventually dried.

March 18, 1988
SUBJECT: Corrosion Test in Dry Nitrogen Atmosphere
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The purpose of this test was {0 determine if uranium corrodes in a dry
nitrogen stmosphere at normal room temperatures SincCe uranium corrosion
In air is readiiy identifiable by a rapid color changs, it was assumed that
contamination smears wowld nol De required to determine if the uranium had
corroded.

Test Preparation /18 and 1/20/88

Two uranium coupons were scrubbed on the afternoon of 1719788 with
Scatchbrite pads and slcohal 1o remove all oxides  One coupon (FQ92) 1787
2" ¥ 3" was a DU coupon and the ather (F1003) was a 174" 2°¥ Z" DU-Nb
alloy coupan.

3
/

Both coupons were silvery in appearance.  In addition, the DU-Nb alloy
coupon had crevices containing black oxides which could not be remaved.

The coupons were left in ambient air {(75°F, 27% RH) overnight and were
checked in the morning.



ATter sitting overnight, (approximately 16 hours), both coupons had taken an
g bronze calor. The DU-Nb coupen also had a light gray wash of color

Both coupons were rescrubbed with Scothbrite and alcohol and  were
immediately placed in a plastic bag. The bag was almost completely sealed:
3 zlight cpening was left in the top of the bag to permit pasitive flow of Mo
gas out of the bag The N2 gas flow into the bag was set at = 05 lpm far
approximately five minutes to purge 911 02 from the bag. The N2 fiow was
then set 1o about 0.1 Ipm for the duration of the test.

First Observation 17287585

The coupons were 1nspected through the bag; they were not remaved from
the N2 atmosphere. The coupons were still silvery in calor; they had not
changed in appearance from the day they were loaded inte the bag.

Second Dbzervation 2/4/88

The coupons were inspected and this time they sppeared to be noticeably
blackened. The coupons were removed from the bag and it was confirmed
that they had corroded. it is naot known if the corrosion was UNZ or U022,

Some checking was done to find if the N2 supply had been interrupted. it
was discovered thal over the preceding weekend, the N2 dewar had severs)
low pressure alarms.  The demand for N2 had increased due to some
operation with the test besm crynstat. The No sigstem at NwWA 1s split into
at lesast two headers and the pressure in ihese headers can be adjusted.
There is a qood possibility that the hesder used Lo fesd the test bag was
isolated. The end result is that the coupons may have been exposed to air
for several days.

Conclusions

the N2 atmosphers. The results, however, are in no way considersd
conclusive. The test should be  perfarmed again far an extended period of
time (several weeks) with an uninterrupted N2 supply to confirm whet

Based on the first observation, it 15 suspected that corrosion is arrested in
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The purpose of this test was to determine the settling rate of uranium
oxides in an undisturbed column of water.

Test Preparation

7,

in 3/4/88, an IFH uraniurm plate was hand cleaned using a Scotchbrite pad
and water. A lead brick was used to apply pressure to the pad to provide for
aggressive cleaning of the plate The Scotchbrite pad was rinzed “clean” in
a pail of water The pail was aizo used to collect detonized water used to
rinse the DU plate after scrubbing.

Several gallons of water were collected and the coilected waler was
heavily loaded with black oxides.

The water was allowed to settle over the weekend. 0On 3/7/88, the
supernatant {about two to three galions) was collectad from the pail. About
225 ml of water/oxide mixture was removed from the bottom of the bucket
The activity of the supernatant was found to be 20 pCi/ml while the settled
mixture activity was 5,420 pCidml.

The tank was marked at levels 07, 67, 127, and 247, the 0" level being at the
water surface.

Or 378758 a "fishtank” 8" ¥ 6" & 36" was filled with deionized water 1o
about 28", The water in the "fishtank” was crystsl clear. The 225 ml
mizture of UD2 and water was slawly poured into the column at time T = &
Due 1o the inertia of the oxide mixture from pouring, a black inverted cone-
like chape developed in the column to roughty the 18" level After just a
few minutes the column was entirely black and opague

fata Collection

5 ml samples were taken from the 6, 127, 18", and 24" Tevels at 15 minute
intervals from T = 15 minutes until T = 2 hours. The four samples were
taken againat T =dhours, T =8 hours, T =23 hours, T = SO hours, and T = 77
hours. At T = 150 hours, samples were taken at the 67 127, and 18" levels
anly. The “fishtank” had developed a leask so that the 247 level was not
avallable.
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In addition to the 5 ml samples, 250 m! samples were taken for particle
size analysis at the 67, 127, 18", and 24" levels at T = 24 hours. These
sampies were checked aonly for ?ﬁ t.0.and 0.6 pum particles.

At T = 130 haurs, a 250 il sample for particle analysis was taken st the 2 "
leval { the column was only 197 at this point). This sample was checked fo
10,08, 06, 04 and 0.1 pm particles.

.
A 230 ml sample was also taken from the supernatant collected in the
second pail and analysed for 3.0, 1.0, 0.8, 0.6, 0.4, and §.1 dam particies

All rinse water from the collection of samples was retained in a cecond pail
for possible reuse

o mi Sample Eezults

The sample data ig listed in Table 1 and is presented in Graphs | through
Vibelow.

Sample  Date S5ize Depth  Planchette  Activity Sp. Activity
Number #Time {ml}  {inches) Number (nCi) pCi/mi
1 3I/G/85 912 47 & 2 0.43 gl

3/8/868 9:15 40 12 3 0.42 36
fa/Baa o165 18 | 0. 44 g8
3/5/BA3 918 S 24 S 0.48 g6

2 3/8/e5 9 2 5 b 5] 0.43 86
3/8/88 927 S 12 7 0.43 &6
Sbe'BB 923 5 15 5 0.44 &8
z/8/88 930 5 24 9 0.47 a4

2 *fa.e’aa 9:40 485 6 {0 .35 77
I/B/BR 042§ 12 1 0.41 a2
Ifgfeaad2 5 18 12 0.43 a6
3/68/868G:45 S 24 13 0.47 04

4 3/8/88 9 '%E 5 5 14 033 78
3/8/86 9 g 95 1z 3 (.35 71
3/68/68 9.59 S 15 16 .40 Cath
/88 10015 24 17 0.43 G

5 F@feg 1010 05 & 13 037 74
I/8es 101 5 12 19 0.4 ala]
/8486 10012 485 15 20 037 76
/835 1014 5 24 i .40 a0
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Urainurn Qxide Settling Test
Data After First Eight Hours
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Urarium Oxide Settling Tect
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Uraniurn (hoide Settling Test
2/8/80 to T714/58
15" Lavel Data
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2590 ml Sample Results

The results of the 250 ml samples are shown in Table 2 and in bar graphs

||h,-‘

Grcph ¥l shaws the relative quantities of 3.0, 1.0 and 0.8 um particles at
the &7, 127, 18", and 24" levels at T = 24 haurs.
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Ut ariuen Ciide Settiing Test
Farticle Size Determination After 24 Hoyrsz
FE”, 127,18, and 24" Levels
Lia/88

Zimt pm 08 Zpmil fen 03 2t e G2 Zml prm 08
Hra I Hrn {rn
5" Level] 12" Level 12" Level 24" Level

Graph Vi

Graph 1 shows the particie size at the 3" level at the conclusion of the test.
it was assumed that t.’.e 2.0 pm particles would not be present and were not
specifically analysed.

Uraniurn Settling Test
Farticla Size Analysis at 3% Level
at Dorclusion of the tezt 2714782

1.8
16 1
1.4
pli 1.2 A
per 14
ml (3
06 4
044
0.2 1
0
1 pro 0.2 prn 0% pr 0.4 e 0.1 Lt
Braph Wi
raph 1 shows the concentrations of particte sizes of the material not used
in the column test but generated by wet scrubbing the plate. The sampis of

these particles came from the two to three gallons of supernatant. A rough
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quess, assuming that these particles were cancentrated in the initis] 325
red pour and did not ever settle during the test, would be that these ooides
wauld be present at about YSE of the s:anr_:emratmn- shawn in Graph 1% This
1% an incrementsl increase above the concentraticns present but rot
tdentified in the filter paper analysis dis Lu-__:f above,

Howas assumed that the 20 gmoand larger particles had settled oul; these

Farticle Size Analysis
Supernatant From Bucket of Tezt Dxides
Genetr ated For Settling Test
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conclusions

The low end of the range of particles produced by weet sanding is about 01
um bazed on the fairly good agreemant between the filter paper analysiz and
S ml sampie result from the supernatant (see table 2).  Earlier tez
indicate that 1 um particies are at the low end of the range of particl
proguced by dry sanding.

|r'| |

iy
cies

ifferences in specific activity found betwean the filier .;awr analyses
the 5 ml samples at each of H‘w four tevels at 7 = 24 ho
indicate that as much as ‘:‘m af the activity in the waler iz due tc: particlesz

..,_
]
W
g".
[41]
1
_._‘
Wil
o
— ——— lll

staller than 0.8 pm. it iz unfortunate that ne analyses were done for
sinaller particlez at = ;4 hours. This shouw'ld e done as soon 3s the

opportunity to do so presents itself,

Conclysions te be drawn regarding settling rates are 1sft to those desi
the water coliection system
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Second Settling Test Particle Size Data

Tilter Size Sample Size (m1) Activity (NCI) Activity (pCi) Sp. Act. {pCi/ml)

3.0 250 0.03 20 012
1.0 250 2.24 2240 8.96
0.8 250 0.12 120 0.48
0.5 250 012 120 0.48
0.4 250 0.12 120 0.48
Q.1 250 019 190 0.76

Total Specific Activity 11.28

Measur-ed Gross Activity - 5 mi Sample 12



Coupon 1.0,
F1COBA

F1014A
F1015A
FI016A

FOO2A
FO98A
F1002A
F1004A
F1005A

F1007A
F1008A
F1009A
F1010A

First Smear Zecond Smear

Before
.03
Before
Q.23
Q.20
0.79
Before
0.00
0.01
0.01
0.02
0.00
Before
0.02
002
0.00
0.02

After
25.48
After
1.45
12.04
0.58
After
6.66
32.09
10.60
13.38
771
After
1.97
3723
47
11.65

Secrubbed
Yeg/No
NO

No
NO
No

Yes
Yes
Yes
“Yes
Yes

Yes
Yes
Yes
Yes

Coupon

Type
Du

DU-ND
DU-Nb
DU-Nb

ou
ouU
Dy
ou
by

DU-Nb
DU-Nb
DU-ND
DU-ND



DU Unscrubbed Couporn
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Second Settling Test
Particle Size Analysis at Conclusion of Test
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SUBJECT: Corrosion Test in Dry Nitrogen Atmosphere - 2nd Test

The purpose of this test was to determine if uranium corrodes in a dry
nitrogen atmosphere at normal room temperatures. Since uranium corrosion
in air is readily

4 identifiable by a rapid color change, it was assumed thst
contaminatich smears would not be required to determine if the uranium had
corroded.
iezt Preparation 3714

The coupong were sorubbed wnth Scothbirite ang glochol and  were
Hrimedi a—fs::‘m;“ aced in & pigstic bagq. The bag was almost completely seaied,
g slight apening was [eft in the top of the b 53 Lo permit positive flaw af e
gas out of the bag The N2 gas flow into the txa was set gt =0 G5 1pm for
approxi rr';atrdm fourteen minufp- to purge all 02 from the bag. The N2 flow
was then set 1o about 0.5 1pm for the dur .:1.1._1.. LAT the test.

The cn-‘;‘;n'irr" were inspected through the bag, they were not removed from
the N2 atmosohers. The coupons were bronze in color rather than silver

—
\

Second Dheoervation 2723

= coupons were still bronzZe in appearance. Smears were taken on bath
d es nf these coupons.

Conclusions

Three DU coupons were scrubbed and were left in air from 3711788 until
37/23/88. These coupons were compared to those kept in the N2 purge during
the test. These three coupons were very black compared to those 1eft in the
M2 purge bag. Based on color, it appears that the coupons left in air were
more oxidized.



cmears were taken on each side of the two coupong in the N2 bag and on
each side of the coupons left in air. No smears were taken at the beginning
of the test since the test was intended to be colorimetric in nature. The
resulte of the actual smears are listed below. Typical contamination level
values for scrubbed coupons are given as heginning level values.

Coupon Number Beginning Leve) Ending Level Air/N2 Type
FGUOA 0.02 Q.08 NZ Dij
F999g 0.02 G.12 . NZ Gu
F1O114 0.11 {10 M2 DJ-Nb
FI1011E Q.1 0.12 N2 DU-ND
F10004 Q.02 <0.11 Alr ik
FIOo0E Qo2 2012 Alr o
FioGla 0.0z 0.10 Alr b
F1O01E 2.02 010 Al o
F10034 0.02 0.10 Alr bu

FIOo2E 0.0z 01 Al M




